The minimization of hazardous waste generation as well as the proper treatment and disposal of generated waste has great importance for the protection of present and future human health and the environment. The purpose of this study was to identify the extent of waste minimization practices carried out by Tennessee waste generators since September 1985, This was accompl i shed methodologically through survey research of 1 arge Tennessee waste generators.
INTRODUCTION

There are 225 million metric tons of hazardous waste produced each year In the Unites States falling under the Resource Conservation and Recovery Act (RCRA) regulations (1).
There are numerous land burial sites throughout the states where hazardous wastes are buried for disposal purposes. As the The generator has a program in place to reduce the volume and toxicity of waste generated to the degree determined by the generator to be economical ly pract i cab1 e; and
2.
The proposed method of treatment, storage, or disposal is currently available to the generator which minimizes the present and future threat to human health and the environment.
In addition:
1. Once every two years, a report describing the facility's waste minimization efforts and actual amounts reduced, needs to be submitted to the EPA; and
Permits needed for on-si?e treztment, storage, arid disposal o f waste must include the Waste Minimization Program.
The regulatory nature of this amendment is unusual. It did not authorize EPA to interfere, investigate, or audit the processes used to minimize waste or to set certain standards or numerical reduction goals that generators were to achieve; rather it left method and standards to the generator's discretion as long as the method chosen was "economically practicable" and "available."
Although generators commit themselves to waste reduction by signing the certificate, compliance is in good faith.
Under this amendment EPA was to prepare a report to Congress by November 1986, detailing compliance levels and recommendations for further advancing the waste minimization e f f o r t . The five-volume document €PA issued i n 1986 t o s a t i s f y t h i s requirement recommended (12., 13., 14.):
I .
To make i t s next r e p o r t t o Congress i n December 1990.
The study o f waste minimization practices can provide evidence o f whether progress i s being made through t h i s k i n d o f voluntary r e g u l a t i o n . I f present voluntary r e g u l a t i o n s do n o t produce results, more s t r i n g e n t requirements could follow.
For example a waste-end t a x i s a strong a l t e r n a t i v e (15.). Environmental r e g u l a t i o n s w i t h mandatory reduction goals f o r i n d u s t r y can be passed.
More c o s t l y record-keeping and reporting could become ob1 i g a t o r y t o monitor compliance (16.).
There i s a l i m i t e d amount o f data and understanding p e r t a i n i n g t o industry waste minimization practices.
EPA presently hesitates t o pass f u r t h e r regulations o r t o impose unworkable q u a n t i t a t i v e 1 i m i t s f o r waste generation/minimization.
Although determining the p r e c i s e extent o f waste minimization p r a c t i c e s being c a r r i e d out by industry i s n o t possible a t this time, considerable e f f o r t should be made toward t h a t goal.
The purpose o f t h i s study was t o i d e n t i f y the extent o f waste minimization p r a c t i c e s c a r r i e d o u t by Tennessee waste generators since September 1985. The statewide information c o l l e c t e d and analyzed i n t h i s study leads t o knowledge o f Tennessee waste generating patterns that can, i f d u p l i c a t e d i n other states, produce a n a t i o n a l data base.
This research was t o answer the f o l l o w i n g questions: Did the hazardous waste minimization implementation l e v e l s o f companies vary by d i f f e r e n t q u a n t i t y waste production?
2.
Did d i f f e r i n g q u a n t i t y waste generators adopt d i s t i n c t w a s t e minimization p r a c t i c e s ?
.
Was there a s t a t i s t i c a l r e l a t i o n s h i p between increasing q u a n t i t i e s o f waste production and l e v e l s o f implementation f o r each waste minimization p r a c t i c e ?
4.
How d i d Tennessee waste generators evaluate importance o f those waste minimization p r a c t i c e s they implemented?
DESIGN OF THE STUDY
PoDul a t i on and SamDl e Select i o n
The population o f t h i s study included Tennessee's l a r g e hazardous w a s t e generators.
A l i s t o f population data used was t h a t o f t h e s t a t e o f Tennessee
Department of Health and Environment (IT., l 8 . , 1 9 . ) .
Since the Uasie
Minimization c e r t i f i c a t i o n requirement f o r the manifest went i n t o e f f e c t on September 1, 1985, t h e 1985 l i s t o f generators was selected f o r t h i s research. The t o t a l population o f 407 waste generating f a c i l i t i e s was s t r a t i f i e d i n t o three categories on t h e basis o f the quantity o f waste generated per year.
These categories were: Group One, produced more than 1,000,000 kg per year; Group Two, produced between 100,000 kg and 1,000,000 kg per year; and Group Three, produced l e s s than 100,000 kg per year but more than 1,000 kg per year.
These were n a t u r a l break p o i n t s t h a t described generators based upon the Superfund fee c o l l e c t i o n system used by the s t a t e . S t r a t i f i c a t i o n on t h i s basis produced 58 generators i n the f i r s t category, 82 generators i n the second category, and 267 i n the t h i r d category, r e s p e c t i v e l y . Since the population for the first two groups was small and a low response rate was anticipated (20., 21.). the entire population of the first two groups was included in the sample size. A sample size of SOX (N -134) was selected by random sampllng from the last population group to examine its properties.
Jns t rumentat ion
In 1986, OTA non-randomly surveyed waste generators on waste minimization issues using OTA's Industry Survey Form (22.). Questionnaires were mailed to waste generators and also distributed to participants in OTA workshops.
The survey questionnaire developed for this study was an extensively revised version of the OTA form. It included a Likert-type scale and new information categories . Waste minimization practices surveyed i ncl uded treatment, and recycle/reuse practices. These practices are accepted by EPA as legitimate waste minimization practices though OTA does not.
One section was designed to collect data on the status of the company. Facilities were asked questions on size, variability of waste streams, and Standard Industrial Classification (SIC) codes. These attributes were used in describing and grouping facilities into various subgroups.
Another section's questions were designed to determine the extent of facility waste minimization practices since passage of the waste minimization amendment.
One question evaluated the extent o f these practices. The nine categories used to identify the respondent's practices were:
1.
2.
Improvements in "housekeeping or general operations (for example better hazardous material/waste management, purchase practices, waste segregation) Changes in process equipment or technology 3. Three practices were listed as "not evaluated/not applicable" level in over 45% of the responses. These were, practice 5 (changes in the final products), 8 (on-site treatment), and 9 (off-site treatment). Over seventy percent (71.1%) of the respondents chose the level of "not evaluated/not applicable" for practice 5. These practices were viewed as least applicable by the Tennessee generators. Another 32 to 36% of respondents marked practice 4 (changes in raw materials), practice 6 (on-site recycling), and practice 7 (off-site recycling) as "not evaluated/not applicable." Scores were low in the "evaluating" level. The highest scores were in practice 4 (changes in raw materials), practice 6 (on-site recycling), and practice 8 (on-si,te treatment) 15.4%, 19.8%, 14.9"A, respectively.
Improvements in employee awareness
At the "evaluated and determined not to implement" level, responses ranged from 2.2% to 14.3%. Practice 6 (on-site recycling) was the practice gathering the highest score for this response.
At the "began implementation or planning to begi:: scan" level, responses were fewer than 12%, except for practices: 2 (improvements in housekeeping) and 3 (improvements in awareness).
In these areas responses ranged from 26% to 27.1%. And, finally, the level "implemented with quantifiable results" was chosen by over 45% of the respondents for practices: 1 (changes in process), 2 (improvements in housekeeping), 3 (improvements in awareness), and 7 (off-site recycling).
Other waste minimization practices garnered this response in 9.3% to 30.8% of the cases.
When "implemented" and "initiated" levels were combined, we found a response rate ranging from 51 to 82% for the practices 1, 2, 3, and 7. This indicated a considerable amount of implementation over the past two years,
though the effect on volume reduction cannot be determined through this measure.
Practice 5 (changes in the final products) was the lowest implemented practice at this level of implementation (9.3%). The answers from each group were also examined using Kendall's Coefficient of Concordance to identify those practices that were implemented at the highest and lowest levels. The hypothesis of "no agreement among the three groups of Tennessee waste generators as categorized on the basis of waste" was tested. Table 1 illustrates how the three groups o f different quantity waste generators ranked nine waste minimization practices. These rankings were determined by assigning values to the mean scores obtained from each group for each practice. Practice 2 (improvements in housekeeping) received the highest ranking nearly unanimously.
Kendall's Coefficient
This was followed by practice 3 (improvements in awareness), practice 1 (changes in process equipment or technology), and practice 7 (off-site recycling operations). The lowest ranking was obtained for practice 5 (changes in the final products).
This indicated that facilities have not wanted to make changes related to product changes. Two other practices 8 and 9 (off-site treatment and on-site treatment) were also ranked low.
Waste minimization practices were also investigated individually. Waste practice rankings according t a the f i v e levels o f implementation were statistically tested among the three groups of different quantity waste generators.
The intent was to determine the statistical relationship of the two variables as well as the direction of this relationship.
Three-by-five contingency tables were constructed and Somers' d statistic was used for testing these measurements. The contingency tables showed three categories of waste generators by increasing levels of waste production (independent variable) and five levels of waste minimization implementation, ranging from one to five. Practice 1 (changes in the process equipment) and practice 8
( o n -s i t e treatment) exhibited s t a t i s t i c a l significance (d -0.180, 2 = 2.81, p < 0.05 rnd d 0.336, 2 -5.42, p < 0.05, respectively) and f o r these t w o practices, the hypothesis o f no association was rejected. This means that f o r these two waste minimization practices there was a p o s i t i v e association between rankings on waste minimization a c t i v i t y l e v e l and the amount o f waste generated. Namely, the bigger waste generators had a higher l e v e l o f a c t i v i t y i n these areas.
The other waste minimization practice areas d i d n o t e x h i b i t s t a t i s t i c a l association by change i n waste production. l e v e l o f waste reduction was very roughly ascertained through a single question.
Respondents were asked t o c l a s s i f y the waste minimization practices implemented as e i t h e r "extensive", "moderate", o r "negligible". Typically, a l l t h r e e waste generation groups judged t h e i r waste minimization programs as producing "moderate" r e s u l t s ( o v e r a l l 62.5%). The hypothesis o f " There was no c o r r e l a t i o n between d i f f e r e n t q u a n t i t y waste generators and t h e i r judgement as t o t h e extent o f waste minimization p r a c t i c e l e v e l s 4 and 5" was tested. This means t h a t the l a r g e r waste generators evaluated t h e i r waste minimization practices as more extensive than smaller generators.
SUMMARY AND CONCLUSIONS
In sum, Tennessee generators have a p o s i t i v e a t t i t u d e toward waste minimization.
They have begun t o implement o r have f u l l y implemented various waste minimization practices; especially a) improvements i n housekeeping, b) changes i n process equipment o r technology, and C) c r e a t i n g awareness o f opportunities.
The answers t o today's problems, therefore, are not found through more r e s t r i c t i v e regulation.
Companies i n t h i s study demonstrated t h a t the e x i s t i n g regulations are f o r c i n g them t o do more i n terms o f w a s t e minimization.
Rather the t i m e has come t o resolve important methodological concerns and issues and t o set i n place a government framework f o r f u t u r e assistance.
While Tennessee waste generators have a generally favorable view o f waste minimization, they characterized t h e i r e f f o r t s t o date as producing j u s t "moderate" r e s u l t s . There seems t o be the p o t e n t i a l , therefore, f o r f u r t h e r a c t i v i t y .
Tennessee waste generators of d i f f e r i n g waste output l e v e l s d i d not d i f f e r i n most respects w i t h regard t o waste practices. Larger generators, however were more l i k e l y t o adopt c e r t a i n practices and t o characterize t h e i r minimization e f f o r t s t o date as being more extensive than small generators. These differences do not appear s i g n i f i c a n t enough t o s t r u c t u r e d i f f e r i n g regulatory systems f o r waste generators o f varying sizes.
RECOMMENDAT IONS
Based on t h i s research t h e f o l l o w i n g recommendations are presented:
1.
Tennessee hazardous waste generators should not be d i f f e r e n t i a t e d o r p u t i n t o subgroups f o r waste minimization regulatory purposes on the basis of t h e q u a n t i t y o f waste generated.
2.
It i s recommended t h a t annual reports include s p e c i f i c waste minimization categories as d i f f e r e n t i a t e d i n the survey form used i n t h i s research.
In addition, t h e l e v e l o f a c t i v i t y should a l s o be obtained f r o m t h e generators i n a uniform format.
